Population growth in West Africa has outpaced local efforts to expand potable water services, and private sector sale of packaged drinking water has filled an important gap in household water security. Consumption of drinking water packaged in plastic sachets has soared in West Africa over the last decade, but the long-term implications of these changing consumption patterns remain unclear and unstudied. This paper reviews recent shifts in drinking water, drawing upon data from the 2003 and 2008 Demographic and Health Surveys, and provides an overview of the history, economics, quality, and regulation of sachet water in Ghana's Accra-Tema Metropolitan Area. Given the pros and cons of sachet water, we suggest that a more holistic understanding of the drinking water landscape is necessary for municipal planning and sustainable drinking water provision.
INTRODUCTION
Despite substantial progress toward the Millennium Development Goals' target of halving the proportion of the population without sustainable access to safe drinking water and basic sanitation, nearly a billion (10 9 ) people still lack safe sources of drinking water, over a third of whom live in sub-Saharan Africa (United Nations ). Many sub-Saharan African cities have surged in population in recent decades due to industrialization-driven urbanization coupled with high (though declining) fertility (Bloom et al. ) , and projections for the next decade yield an urbanmajority population for the region (United Nations ).
Indeed, Ghana passed that threshold in 2011. In the face of such rapid and unprecedented urbanization, many governments have been unable to extend basic water and sanitation services to keep up with urban population growth, and informal settlements and slums have become a fixture in sub-Saharan Africa's urban landscape. The inadequate investment in water infrastructure over the past few decades has restrictedor even eliminatedpiped water access for an increasingly large fraction of the urban population. This water scarcity results in further marginalization of living conditions and generates high levels of morbidity, particularly in the most densely populated, and generally poorest urban areas (UN-HABITAT ; Gaisie & Gyau-Boakye ). The drinking water landscape in Ghana's largest urban center, the Accra-Tema Metropolitan Area (ATMA), is typical of West African cities where preventable epidemics and resulting deaths continue to emerge primarily due to insufficient water and sanitation services.
Water service to ATMA is currently provided by two Ghana Water Company Ltd. (GWCL) water treatment plants on the eastern and western peripheries (Kpong and Weija Waterworks, respectively) of ATMA, but the city has grown well beyond the plants' capacities. GWCL is unable to provide water to all of Accra due to production and distribution limits, continued population growth without urban planning, and non-revenue water losses which weaken the utility further ( Van-Rooijen et al. ) . Subsequent water rationing and low quality ad hoc storage systems leave large portions of the population without adequate potable water.
Although GWCL's service coverage is technically 80% of the ATMA, less than half of residents have a house or yard connection ( Van-Rooijen et al. ) , and less than 10% have a reliable in-house connection (Taylor et al. ) .
Most people are dependent upon water vendors when lacking a nearby connection or when rationing diverts water to higher-income neighborhoods. In Accra, where residents are already paying four times as much for water by volume than New Yorkers, slum residents are paying vendors up to eight times the local public utility prices (United Nations Development Programme ), and up to twenty times in dryer periods (Taylor et al. ) . Barriers to connecting to the water network, such as high capital costs and lack of property rights in informal settlements, exacerbate inequalities in water network access between high-and low-income settlements (Collignon & Vézina ) . One recent study revealed that 87% of direct access GWCL customers are well-connected officials in the public service or otherwise high-standing individuals in the private sector (Owusu & Lundehn ) .
Where lack of infrastructure and/or rationing have left a void, entrepreneurial water vendors have stepped in to sell water in three general delivery modes: (1) by the tank, via trucked supplies, (2) by the container, straight from the vendor's own tap water supplied by GWCL, or less commonly (in Accra) from a borehole, and (3) packaged as sachets with varying degrees of filtration or disinfection. Sachet water typically consists of 500 mL polyethylene plastic bags of water heat-sealed on either end (see Figure 1a ). It is a relatively new and fast-growing source of drinking water in Ghana and other West African nations. Popularly referred to as 'pure water,' sachets have gained public affinity due to low price, convenience, ubiquity, and the public perception that sachet water is of higher quality than tap water.
Sachets are also notorious for constituting a major proportion of the plastic waste generated throughout the country, as consumers typically litter the plastic sleeves in streets and gutters due to lack of organized solid waste collection and removal. Clogged gutters increase the chance of flooding during the rainy seasons, which leads to subsequent loss of property and localized bouts of waterborne illness.
Given the importance of sachet water as a clean source of drinking water for many underserved areas, the overall desirability of sachet water from a public health and urban planning perspective remains uncertain.
There has been little research into the transformation of drinking water delivery in developing urban centers such as Accra, and, to our knowledge, no published literature exploring how privatized, packaged water such as sachets is changing the drinking water landscape in West Africa.
The word sachet itself does not appear in the United Nations' recent 440-page Human Development Report focusing on global water crises (United Nations Development Programme ). Ghana's shift toward privatized water delivery, while not thoroughly studied, was recognized by Ghana Statistical Service as it prepared for the 2010 Ghanaian Census. Among the updates to the questionnairefollowing the lead of the census questionnaire in Nigeriais a split of the traditional drinking water inquiry into two questions that solicits the primary source of drinking water in addition to the source of water for all other household uses. In anticipation of a fuller, census-driven picture of Ghana's household drinking water patterns as the 2010 census data become available in 2012, this paper profiles the growth of sachet water in Ghana's capital region, the ATMA, based on in-depth structured interviews with sachet producers, trade groups, and government agencies.
We conclude by highlighting issues of drinking water provision that are likely to receive increased attention throughout the global South in the coming years.
THE ADVENT OF SACHET WATER
Water vending has probably existed as long as society itself, and the issues surrounding vended water in the developing world have received contemporary review elsewhere (Sansom ; Kjellén & McGranahan ) . In urban sub-Saharan Africa, citizens lacking piped potable water vended water, and many of the issues and challenges described in this article arise from sachets' novel product portability and the exacerbation of existing sanitation challenges as a consequence of the excess plastic litter created by the disposal of the sachets.
The brief history of sachet water which follows was pieced together through interviews with sachet producers, an official at the Ghana Plastic Manufacturers Association, and GWCL officials. In the 1970s and 1980s, it was common to be able to buy a cup of drinking water on the streets of Accra for 1 Ghana pesewa (100 Ghana pesewas [Gp] ¼ 1 Ghana cedi [GH¢] ). The purchaser drank directly from a plastic or metal cup, which the vendor used to scoop water out of a larger storage vessel. This form of water entrepreneurship was aimed at poor, transient population segments, but eventually demand grew beyond this demographic. Increased demand coupled with the obvious sanitary shortcomings of such a system led to the packaging of water in small plastic bags in the 1990s. These small bags, tied by the corners at the top, generally cost Gp 1-3 for a bag containing 250-500 mL of water (generally municipal water). Hygiene remained an issue, as bags were generally filled by women and children with suspect sanitary practices (Olayemi ; Obiri-Danso et al. ) . In the late 1990s, new Chinese machinery that heat-sealed water in a plastic sleeve effectively created the modern sachet that is currently sold on the streets of several West African nations. Filtration and chemical treatment processes (described later in this paper) were eventually built into some of the high-end machines as well ( Figure 1b) . The appeal of the sachet seems to mirror the mass consumer appeal of small unit sizes of commodities as seen elsewhere in the developing world (Hammond & Prahalad ) . In Ghana, where many people are living day-to-day, average household budgetary constraints often preclude the purchase of larger volumes of consumer goods such as grains, spices, and milk, and immediate needs may override the cost savings of buying in bulk. Eating meals out of the home and take-away culture is increasingly popular, and sachets can be consumed on-the-go with less concern over quality relative to tap water. Sachet marketing efforts have, just as with bottled water in the developed world, also successfully linked the image of higher status with packaged drinking water.
DRINKING WATER TRENDS IN GHANA
piped water (in-home, outdoor, public taps) and sachet/ other sources from the three most recent Ghana DHS data sets (1998, 2003, and 2008 (Table 1) shows that all sources of piped water access decreased among the urban population between 2003 and 2008 (from 88.7 to 56.8%), an effect so strong that the overall Greater Accra totals mask modest increases in some categories of rural piped water access over the same period. Households were increasingly able to procure water within 15 min from home in 2008, and the median time to that water source decreased from 5 to 1 min for urban residents as sachet use increased from 5.7 to 37%.
The surge in sachet use reported between the 2003 and 2008 DHS, as the novel product initially gained popularity with consumers, seems to be linked not only to convenience but in those surveys is associated with those with higher disposable income, as indicated in Table 2 .
This disproportionate association with wealth is probably misrepresented by the nationally-scaled wealth index calculated from the DHS, as Table 2 also shows that households surveyed in Greater Accra are generally wealthier relative to the rest of Ghana. While additional nationally-representative data from 2006 also demonstrate that early-adopters of sachet water tended to be wealthier (Ghana Statistical Service , p. 53), more recent survey data reveal that sachet consumption may be more closely linked with the urban poor. Fifty percent of households in a sample of Accra's slum neighborhoods reported using sachets as their primary drinking water source in a 2009-2010 study, and these households tended to be the poorest within these slum communities (Stoler et al. ) . Table 1 also indicates that bottled water and tanker truck delivery, which primarily enjoy a niche market among wealthy Ghanaians, continue to play a relatively insignificant role in drinking water delivery across Greater Accra. Bottled water is commonly available through street vendors and markets that cater to the rich, but it lacks broader appeal due to higher price and the ubiquity of sachet water of equal quality from the same bottlers.
The slight decline in residential tanker truck water consumption may reflect the preference for sachets, or a shift by tanker operators toward commercial customers as increased traffic in Accra may have hurt the profitability of residential water delivery. Most tanker truck water is sourced from private boreholes in periurban areas of Greater Accra; tankers are more popular in neighborhoods beyond the ATMA where the population density is growing, but no GWCL infrastructure exists.
While the booming sachet water industry diverts an unknown quantity of water from the municipal system, often depriving or limiting access of those further down the network, it effectively extends improved water coverage deeper into informal settlements and slums, and alleviates the need in those places for a method of safely storing drinking water. The deterioration in water quality from source to storage container in the developing world is well-documented ( Open well in yard/plot 0.0
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Protected well in dwelling/yard/plot 0.1 newer machines incorporate this feature internally. In addition, some sachet producers who deliver directly to market will add a cooling module so sachets are already cold when packed.
The vast majority of sachets sold in ATMA contain water from the GWCL municipal system, and sachet producers pay GWCL for that water as would any user legitimately connected to the system (as opposed to pirated connections It is noteworthy that not every study has found sachet water quality to be troublesome ( While FDB registration is officially mandatory for any product brought to market in Ghana, the rapid growth and unknown scope of both formal and informal sachet water production, combined with a lack of resources for adequate enforcement of these regulations in Ghana, render FDB registration somewhat voluntary. Sachets also fall into a class of goods for which GSB certification (to use their quality seal on packaging) is explicitly voluntary. If a product has health and safety implications, the FDB may impose mandatory GSB certification, but since most sachet water is produced by GWCL and already meets international (and therefore GSB) standards, mandatory certification is not currently viewed as necessary.
If significant volumes of sachets were being filled at questionable sources such as untested rivers or boreholes, the FDB would consider further regulation. The ongoing regulatory challenges faced by both agencies are largely a product of the nature of the sachet sector rather than bureaucracy.
The FDB conducts post-market surveillance including unannounced premises inspections (usually at least once each year) and product quality audits. Registration can be revoked at any time for non-compliance, and ongoing surveillance is critical as producers are known to submit inauthentic water samples during the application process.
To bolster quality assurance efforts, Ghana National Service Officers assigned to the FDB are sometimes used for product surveillance, including recording brands and manufacturing addresses to crosscheck registration of sachets already on the market. When dealing with violators, the priority is advocating for registration, but repeat offenders can be shut down, especially those found to be endangering public health by selling poor quality water.
In order to expand industry knowledge of the registration process, the FDB organizes training sessions for sachet producers, but efforts to organize through trade organizations have been more successful. Unregistered wholesalers with no fixed business location are more difficult for the FDB to track. These businesses are mostly cottage industries, and if they are filling sachets with a registered producer then the offense is considered minor (the FDB perceives low public health risk). The FDB has an initiative underway to implement print registration numbers on the sachet packages (along with the GSB seal) so that registration can be tracked more efficiently.
In addition to standards development and metrology, the GSB also participates in certification, testing, and inspection of commercial activities. GSB certification is mandatory to use the GSB certification seal on product packaging. Producers must provide an end-to-end production scheme showing controls in the production process. The GSB conducts an initial facilities inspection, Bags has created many local jobs and served as a voice for environmental sanitation, it barely dents the volume of plastic waste generated in Accra. Blowplast Industries Limited, rural north, the Upper West Regional Iodated Salt Committee recently appealed to sachet producers to add iodine to sachet water to combat low iodated salt consumption. As the future of sachet water continues to be tugged in multiple directions, the appeal of sachet water continues to spread throughout West Africa.
Urban populations in sub-Saharan Africa continue to grow, but are projected to be less centralized in megacities over the next several decades (United Nations ).
Urban drinking water infrastructure is already insufficient in most West African cities, a pattern that has been documented in East Africa for decades (Thompson et al. ) .
If full municipal coverage becomes unrealistic in newer satellite cities, decentralized drinking water solutions traditionally targeted at rural communities may become an urban necessity. Development agencies stand to benefit by addressing the sachet phenomenon in the effort to meet Millennium Development Goals for urban water and sanitation sustainability in the region.
